SEMICONDUCTOR PACKAGE HAVING MULTI-SIGNAL BUS BARS 



CROSS-REFERENCE TO RELATED APPLICATIONS 

r 

[0001] The present invention relates to U.S. Patent Application Serial No. 09/753,327, filed 
on December 30, 2000. 

BACKGROUND OF THE INVENTION 

Technical Field 

[0002] The present invention generally relates to semiconductor packages. More particularly, 
the invention relates to a semiconductor package having a multi-signal bus bar architecture. 

Discussion 

[0003] In the computer industry, there is a well documented trend toward faster processing 
speeds and enhanced functionality. While the above trend is highly desirable to the consumer, it 
presents significant challenges to chip designers and manufacturers. One area of particular concern 
is semiconductor packaging. A primary function of the typical semiconductor package is to facilitate 
electrical interconnection between an integrated circuit (IC) such as a computer processor 
encapsulated within a semiconductor die, and a printed wiring board (PWB) on which various other 
components are mounted. One approach is to use a substrate having a die side coupled to the IC and 
a socket interface, which allows the semiconductor package to be "plugged" into a mating socket 
such as a zero insertion force (ZIF) socket. The socket interface under such an approach has 



1 



traditionally been a uniform pin architecture, wherein each pin enables a reference or input/output 
(I/O) signal to be transported between the substrate and the socket. 

[0004] While the above approach has provided an acceptable solution under certain conditions, 
the trend toward faster clock speeds and increased functionality has resulted in an increased demand 
for current that cannot fully be met under the traditional uniform pin architecture. In response to the 
above-described need, certain approaches to modifying the socket interface have involved the use 
of a hybrid architecture, which includes both pins and bus bars. Under such an approach, pins enable 
I/O signals to be transported between the substrate and the socket, whereas bus bars are used for 
reference signals. The conventional bus bar has a first member, a second member and a dielectric 
"sandwiched" between the first and second members. The first and second members typically 
transport reference signals such as Vcc or V ss to the processor, and have a relatively large planar 
geometry to increase power handling capacity. 

[0005] It is important to note that while the above-described hybrid architecture has increased 
the power handling capacity of conventional semiconductor packages, certain difficulties remain. 
A particular concern relates to the manufacturability of the semiconductor package. For example, 
it has been determined that it is difficult to maintain acceptable pin alignment tolerances when the 
socket interface utilizes the hybrid architecture. Furthermore, conventional designs for the outer 
members of the bus bar prohibit the use of bus bars for I/O signals due to the large amount of area 
taken up by each bus bar. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The various advantages of the present invention will become apparent to one skilled 
in the art by reading the following specification and appended claims, and by referencing the 
following drawings, in which: 

[0007] FIG. 1 is a perspective view of an example of a semiconductor package in accordance 
with one embodiment of the present invention; 

[0008] FIG. 2 is an enlarged view of an example of a multi-signal bus bar in accordance with 
one embodiment of the present invention; 

[0009] FIG. 3 is a perspective view of an example of a multi-signal bus bar in accordance with 
an alternative embodiment of the present invention; 

[0010] FIG. 4 is a end view of an example of a multi-signal bus bar and a socket in accordance 
with one embodiment of the present invention; 

[0011] FIG. 5 is an end view of an example of a multi-signal bus bar and a socket in 
accordance with an alternative embodiment of the present invention; and 

[0012] FIG. 6 is a flowchart showing an example of a method of fabricating a multi-signal bus 
bar in accordance with one embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] A fabrication method and semiconductor package in accordance with the present 
invention provide enhanced performance. The semiconductor package includes a semiconductor die 
having an IC, and a substrate having a die side coupled to the IC. A plurality of multi-signal bus bars 
is coupled to a socket side of the substrate such that the bus bars enable I/O signals to be transported 
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between the substrate and a socket. By using multi-signal bus bars, difficulties with respect to 
current capacity, manufacturability, and other issues are obviated. 

[0014] In another aspect of the invention, a multi-signal bus bar is provided. The bus bar 
includes a dielectric member and an electrically conductive reference member coupled to a first 
surface of the dielectric member. The reference member defines a current path for a reference signal. 
A plurality of electrically conductive I/O members are coupled to a second surface of the dielectric 
member such that the I/O members define current paths for a corresponding plurality of I/O signals. 
[0015] Further in accordance with the present invention, a method of fabricating a multi-signal 
bus bar includes the process of providing a dielectric member. An electrically conductive reference 
member is coupled to a first surface of the dielectric member, where the reference member defines 
a current path for a reference voltage signal. The method further provides for coupling a plurality 
of electrically conductive I/O members to a second surface of the dielectric members such that the 
I/O member define current paths for a corresponding plurality of I/O signals. 
[0016] It is to be understood that both the foregoing general description and the following 
detailed description are merely exemplary of the invention, and are intended to provide an overview 
or framework for understanding the nature and character of the invention as it is claimed. The 
accompanying drawings are included to provide a further understanding of the invention, and are 
incorporated in and constitute part of this specification. The drawings illustrate various features and 
embodiments of the invention, and together with the description serve to explain the principles and 
operation of the invention. 

[0017] FIG 1. Shows a semiconductor package 10 having a unique socket interface that 
provides significant advantages over conventional packages. Generally, the package 10 has a 
semiconductor die 12, a substrate 14 and a plurality of multi-signal bus bars 16. The die 12 has an 
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integrated circuit (IC) such as a computer processor, and the substrate 14 has a die side coupled to 
the IC. While the illustrated embodiment utilizes controlled collapse chip connection (C4) bonding 
technology to couple the die 12 to the substrate 14, other approaches such as ball grid array (BGA) 
or wire bonding may be used. The bus bars 16 are coupled to a socket side of the substrate 14 such 
that the bus bars 16 enable input/output (I/O) signals to be transported between the substrate 14 and 
a socket 18. It should be noted that the socket 18 may be hardwired to an adjacent printed wiring 
board (PWB, not shown) using any acceptable technique such as surface mount technology (SMT) 
or traditional through-hole technology. 

[0018] It will be appreciated that by using a uniform bus bar architecture, the above-described 
manufacturing alignment difficulties associated with hybrid architectures can be obviated. It should 
also be noted that the number of multi-signal bus bars 16 can vary depending upon the application. 
For example, the semiconductor package 10 can provide the equivalent of a conventional uniform 
pin architecture of 800 or more pins. 

[0019] Turning now to FIG. 2, a more detailed view is shown of one of the multi-signal bus 
bars 16. Specifically, it can be seen that bus bar 16a has a first dielectric member 20, and an 
electrically conductive reference member 22 coupled to a first surface of the first dielectric member 
20. The reference member 22 defines a current path for a referenced signal such as Vcc or Vss, which 
are widely used in the computer industry. A first plurality of electrically conductive I/O members 
24 are coupled to a second surface of the first dielectric member 20 such that the first I/O members 
24 define current paths for a corresponding first plurality of I/O signals. It is preferred that the first 
I/O members 24 have a predetermined spacing such that the first I/O members 24 are electrically 
isolated from one another. It should be noted that the spacing can be filled with any medium that 
does not readily conduct electricity. Thus, while the illustrated embodiment uses air to vertically 
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isolate the first I/O members 24, materials such as ceramic, plastics, etc. may be used without parting 
from the nature and scope of the invention. It can further be seen that in the illustrated embodiment, 
a dielectric layer 26 is disposed between the first dielectric member 20 and the first I/O members 24. 
This approach enables various etching techniques to be used in order to expose and isolate the first 
I/O members 24. It will be further appreciated that the members 24, 22 can be bonded to the 
dielectric with any acceptable adhesive material in accordance with well documented bonding 
techniques. Furthermore, the first I/O members 24 can be designed to have a current carrying 
capability that is above a predetermined current threshold, and the inductance of the bus bar can be 
controlled to a predetermined inductance threshold for an operating frequency of the VC. The result 
is a significantly enhanced design flexibility. 

[0020] Turning now to FIGS. 1 , 2 and 4, it will be appreciated that the socket 1 8 has surfaces 
defining a plurality of bus bar apertures 28 to receive the multi-signal bus bars 16. It can be seen that 
one approach is to use spring contacts 30 to provide electrical contact between the members 24, 22 
and the underlying PWB (not shown). It should be noted that spring contact 30a may differ slightly 
from spring contact 30b in that spring contact 30a is typically much smaller. This difference is due 
to the fact that the reference member 22 functions as a power bar and is designed to carry 
significantly more current than is needed to transport I/O signals. Thus, the reference member 22 
(and spring contact 30b) extend the full length of the bus bar 16a, whereas I/O member 24a (and 
spring contact 30a) extend a much shorter distance. Nevertheless, the spring contacts 30 are 
resilient, and reconfigure themselves to contact the members 24, 22 when the bus bar 16 is mated 
with the socket 18. It will be appreciated that other approaches to the socket 18 such as the zero 
insertion force (ZIF) socket disclosed in U.S. Patent No. 6,164,999 to McCutchan, et al. 
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[0021] Turning now to FIGS. 3 and 5, it will be appreciated that the above-described multi- 
signal bus bar can be expanded to provide several layers of multi-signal interconnection. In this 
regard, it can seen that the multi-signal bus bar 16a', can further include a second dielectric member 
32 and a second plurality of electrically conductive I/O members 34. The second dielectric member 
32 has a first surface coupled to the reference member 22* such that the dielectric members 20, 32 
are positioned on opposite sides of the reference member 22'. Such an approach is desirable in order 
to reduce the effects of signal crosstalk and other electromagnetic interference (EMI) issues. The 
second plurality of electrically conductive I/O members 34 are coupled to a second surface of the 
second dielectric member 32 such that the second I/O members 34 define current paths for a 
corresponding plurality of I/O signals. Similarly to the structure discussed above, a second dielectric 
layer 36 can be exposed between the second I/O members 34 and the second dielectric member 32, 
if desired. Furthermore, a third spring contact 30c can provide electric interconnection from a 
bottom surface of the bus bar aperture 38a. It should be noted that although the reference member 
22' is shown as having a slightly larger vertical dimension in order to facilitate contact with spring 
contact 30c, such an approach is not required. 

[0022] Turning now to FIG. 6, a method 40 of fabricating a multi-signal bus bar is shown. 
Generally, a dielectric member is provided at processing block 42. The dielectric member may be 
constructed of any number of commercial available materials such as ceramic or plastic. An 
electrically conductive reference member is coupled to a first surface of the dielectric member at 
block 44, where the reference member defines a current path for a reference voltage signal. 
Processing block 46 provides for coupling a plurality of electrically conductive I/O members to a 
second surface of the dielectric members such that the I/O members define current paths for a 
corresponding plurality of I/O signals. As already discussed, the I/O and reference members may 
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be bonded to the dielectric member with an adhesive material or epoxy. Furthermore, the I/O 
members are coupled to the second surface at a predetermined spacing such that the I/O members 
are electrically isolated from one another. The spacing may be achieved by etching away portions 
of an additional dielectric layer in accordance with established semiconductor fabrication techniques. 

[0023] Those skilled in the art can now appreciate from the foregoing description that the 
broad teachings of the present invention can be implemented in a variety of forms. Therefore, while 
this invention has been described in connection with particular examples thereof, the true scope of 
the invention should not be so limited since other modifications will become apparent to the skilled 
practitioner upon a study of the drawings, specification, and following claims. 
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